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Basis ot the import 

Wiin rerjard to the elements of the international application (Beprfaceme^ee* ^ j^^"/^!™ 

TrSng Off** « response ^'^^^^ItZZnTf^ fT**** 
and are nor annexed to (his report sines tfieydonot contsm amendments (Rules 70.1 6 ane to.it)). 

Description, pages: 

1.14 as originally filed 

Claims. Mo.: 

vll with telefax Ot ^ 29/06/2001 



Tneseeierr^ were available or 

□ the leneuage of atran^tion famished forthe purposes of the international search (under Rule 23.1(b)). 

□ me language of pubtotfon of the interna***, application (under Ru.e 483(b)). 

□ the language of atrensiation furnished for the purpose* of International primary exarrunaton (under Bute 

55-2 andfor 55.3)- 

. .a ■ ™* w ominrt arid sBouence disdossd In the international application, the 

□ contained in the international application in written form. 

d filed together wtth the International application in computer readable form. 

□ furnished subsequent to thte Authority <n written form. 

□ furnished subsequent* to thi» Authority in computer readable form. ^ <K ^ Jf . n 

□ The statement mat «e furnished wn^j^ence Ik** does not go beyond the rfsctosure «, 
the international appfcatfon as filed has been fumterred. 

O The statement mat the information record* in computer readable form is identical to the written sequence 
listing has been furnished. 
4. The amendments have resulted in the cancellation of: 

□ the description. pages: 

□ the claims, Nos.: 

□ the dravjrfnasr ' sheets: 

5 O Thte report ha, been estebHehed .. if ("^ * e ^ "« Since ^ ^ ^ 

considered to QO beyond the disclosure as filed (Oyle 705(c)): 
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. „ r™^*. hi»iou* or said claims Nos. ere so unclear 
that no cneantntfd opinion could ft* twined (speoW- 

. . Qnict . Blv supported by the description that no meaningful opinion 

□ the claims, or said claims Nos. are so .nadaqualsly support °y 
coliW be formed. 

-x. hAon estaO&shed for Bib sak) claims Noe. - 

□ no international search report mas beon estate" 

v^i r^rried nut due to the failure cf the nucleotide 

Instructions: 

□ me computer raadabie torm has not been unfehed «r do- n* *■ star*** 

cta^na and explanations supporting a™* statau-nt 
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Novelty (N) No . CIalrrl9 
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Inventive step (IS) t» c ^ 1 g ^ 

Industrial appficabl«t/{IA) Yes: Claims 1-6 
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No; Claims 

2. Citations and explanations 
see separate sheet 

Vt Certain documents cited 

1. Certain published documents (Rule 70.10) 

and I or 

2. Non-written disclosures (Bute 70,9) 
$ee s«pa*atc sheet 

V1L Certain defects in the intemattonaJ application . 

T* e Mowing Otfeca in the term or contents of the H««o« app.**o« ^- been noted, 
see separate sheet 

vm Obtain observations on the WemattonaJ application . . . _ 

vim cenam ^ ^ ^ description and drawings or on ins question whether the 

The lolloping observations on the clarity of the dauns. description, anu 
claims are fuOy supported by the descriptran, are made, 
see separate she** 
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ML Claims 6-1 1 relate to subject-matter considered by this Authority to be 

covered by the provisions of Rule 67.1 (iv) PCT. Consequently, no opinion 
wilt be formulated wfth respect to the industrial applicability of the subject- 
matter of these claims (Article 34(4)(a)(l) PCT). 

V. i) The following documents have been taken into consideration; 

Ol ; KHAN M R ET AL: 'ANTIBIOTIC ACTION OF CONSTITUENTS OF 
ROOT BARK OF EUCLEA-NATALENSIS/ PAK J SCI IND RES, (1978 
(RECD 1979)) 21 (5-6), 197-199. , XP000978450 
D2: KHAN, M, R. (1) ET AL: 'Constituents of Diospyros lolin, D* maritima 
and D. novoguinensis/ FITOTERAPIA. (APRIL, 1999) VOL. 70, NO. 2, PP, 
194-196.. XP000978591 

D3: DATABASE CHEMABS [Online} CHEMICAL ABSTRACTS SERVICE. 
COLUMBUS, OHIO, US; VICHKANOVA, S. A. ET AL: -Search for 
antimicrobial drugs among quinones of plant origin' retrieved from STN 
Database accession no. 91 -.83030 XP002157353 & RASTIT. RESUFL 
(1979), 15(2X167-77, 

D4: HAZRA, BANASRI ET AL: 'In vitro antiplasmodiai effects of diospyrin, a 

plant-derived naphthoquinoid, and a novel series of derivatives' 

PHYTOTHEFL RES. (1995), 9(1), 72-4, XPOO0976372 

05: YARDLEY, VANESSA ET AL: 'In vitro activity of diospyrin and 

derivatives against Leishmania donovanf, Trypanosoma cruzi and 

Trypanosoma brucei bnJCei r PHYTOTHER. RES. (1996), 10(7), 559-662 , 

XPO0O978369 

D6: HAZRA, BANASRI FT AL: 'Biological activity of diospyrin towards 
Ehrlich ascites carcinoma in Swiss A mice* PLANTA MED. (1984), 50(4), 
295-7, XP000978377 

D7:HAZRA, BANASRI ET AL: 'New diospyrin derivatives with improved 
tumour inhibitory activity towards EhrOch ascites carcinoma 1 MED. SCI. RES. 
(1994), 22(5), 351-3 , XP000978374 

D8:ROUSHDI I M ET AL: 'Synthesis of 1,4-naphthoquinones-4- 
aryl(aroyI)hydrazone s of potential antimicrobial activity/ PHARMA21E, 
(1976) 31 (12) 656-9. . XP000971908 
D9: OERIU I: 'Relation between the chemical structure and the antitubercular 
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effect of alpha-naphthoquinone derivatives substituted in 2 ar>d 3 positions/ 
PHARMAZ1E, (1 961 MAY) 1 6 266-72., XP000971 91 0 
D10: OERIU I: 'Zusammenhange zwischen der chemischen Struktur und der 
antituberkulosen wirkung der in Stellung 2 und 3 substttuieren Derrvate das 
alpha-Naphtbochinons' PHARMAZie.DD.VEB VERLAG VOLK UND 
GESUNDHEtT. BERLIN, no. 16, 1961, pages 320-327, XP002078405 ISSN: 
0031-7144 

fi) D1-D2 and D4-D7 do not disclose the antitubercutous activity of the 
compounds of formula 1 . Therefore, the subject-matter of claims 1 -1 1 is 
considered to be novel vis-a-vis D1 -02 and D4-D7. 

The subject-matter of dalm 1 is novel vie-&-vis D3 mainly on account of the 
fact that in the compounds of formula 1 R 1 cannot be hydrogen. 

D3 and D8-D10 disclose 1 ^-Naphthoquinone derivatives having 
antituberculous activity. However, the compounds of formula 1 as defined m 
claim 1 have not been disclosed among said 1-4-Naphthoqutnone 
derivatives. The subject-matter of claims 1 -1 1 is therefore novel vis-^-vis D3 
andDB-D10. 

iii) The closest prior art is considered to be D3 which cfiscloses the compound 
"plumbagin'ln connection with activity against Mycobacterium tuberculosis ♦ 
The compounds of formula 1 wherein F^, Ra and R4 represent hydrogen (eg 
7-methyijuglone) merely differ from "plumbagln* due to the presence of a 
methyl group At the 7- instead of at the 2-positIon of the naphthoquinone 
moiety. 

The applicant has argued with his letter of 29.06.01 that minor structural 
differences may result in large differences in specrfie activities of these 
compounds and that the literature in respect of naphthoquinones includes 
many examples where simple structural changes to the basic 
naphthoquinone structure have resulted in vastly different activities In 
"respect of their pharmacological properties. The appUcant has cited the 
following references in support of hie ailments: 
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R 1 : Tikkanen, L. et ai: ''Mutagenicity of natural naphthoquinones and 

benzoquinones in the Satmonella/microsome test". Mutation Research, 124 
{1953)25-34. 

R2: Mahoney, N et al: Regulation of Anatoxin Production of Naphthoquinones of 
Walnut {Juglans regia)" J. Agric. Food Chem. 2000, 48 f 4418-4421 „ 

R3: Likhitwitayawuid, K et al: "Antimalarial Naphthoquinones from Nepentes 
thoarelfi" Planta Medica 64 (1 998) 237-241 . 

The data of the activity against Mycobacterium tuberculosis given in the 
description (see pages 10-12 of the description) merely relate to the 
compounds diospyrln and methyljuglone. Therefore, having regard for the 
applicant's arguments and for these results an inventive step can be 
acknowledged for the subject-matter of claims 2-5 and 7-1 0. However, said 
results are not regarded as sufficient in order to support the presence of an 
activity against Mycobacterium tuberculosis for all the compounds of formula 
1 as defined in claims 1 and 6 (Art 33{3)PCT)- 



iv) For the assessment of the present claims 6-1 1 on the question whether they 
are industrially applicable, no unified criteria exist in the PGT Contracting 
States. The patentability can also be dependent upon the formulation of the 
claims. The EPO, for example, does not recognize as industrially applicable 
the subject-matter of claims to the use of a compound in medical treatment, 
but may allow, however, claims to a known compound for first use in 
medical treatment and the use of such a compound for the manufacture of a 
medicament for a new medical treatment. 

VI. For the purposes of this opfnion it has been considered that the priority of 

date of 24.08.1 999 has been validly claimed. 

D1 1 : ADEMIYI, B. A. ET AL; 'Antibacterial activity of diospyrin, isodiospyHn 
and bisisodiospyrin from the root of Diospyros piscatoria (Gurke) 
(EbenaceaeV PHYTOTHER. RES. (2000), 14(2), 112-117, 
XP000978371 
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VII. To meet the requirements of Rule 5.i(a}(K)PCT a the documents D1-D10 
should have been identified in the description and the relevant prior art 
disclosed therein should have been briefly discussed. 

VIII. The terms "similar ether" and 'similar aliphatic hydrocarbon derivative" used 
trough the claims are relative terms and they are not considered to clearly 
and unambiguously define the subject-matter for whfch protection is sought 
with regard to the chemical structure of the compounds encompassed within 
said definition (Art. 6 PCT). 



Hoim PCT/sepcrate etwet/409 (Shoot 4> (EPO-Aprf] i&fT) 



WO 01/00554 PCT/IB00/00837 fty* 
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CLAIMS 



1. A naphthoquinone derivative of Formula 1: 



R O 




wherein, 

R represents an OH group, methyl ether, ethyl ether or a similar ether; 
R1 represents a methyl, ethyl or similar aliphatic hydrocarbon derivative; 
R2 and R3 each independently represent hydrogen or a group selected 
from: 






; or 

wherein R5 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R6 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

R4 represents hydrogen or a group selected from: 

O R7 R7 O R7 O 





or 




wherein R7 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R8 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 
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or pharmaceutically acceptable salts thereof, for use in a method of treating 
and/or controlling tuberculosis in a patient caused by Mycobacterium 
tuberculosis. 

2. A naphthoquinone derivative of Formula 1 according to claim 1 which is 
a compound of Formula 1a or Formula 1b: 



wherein R and R1 are as defined for Formula 1 in claim 1. 

3. A naphthoquinone derivative according to claim 2 wherein R is an OH 
group. 




O 



Formula 1a 




Formula 1b 



4. A naphthoquinone derivative according to claim 2 or claim 3 wherein R1 
is a CH 3 group. 
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5. A naphthoquinone derivative of Formula 1 according to claim 1 which is 
5,5' dihydroxy 7,7 T binaphthoquinone (diospyrin) or 5-hydroxy-7-methyl-1 ,4- 
naphtoquinone (methyljuglone), or a mixture thereof. 

6. The use of a naphthoquinone derivative having the Formula 1: 




O 



wherein, 

R represents an OH group, methyl ether, ethyl ether or a similar ether; 
R1 represents a methyl, ethyl or similar aliphatic hydrocarbon derivative; 
R2 and R3 each independently represent hydrogen or a group selected 
from: 




wherein R5 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R6 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

R4 represents hydrogen or a group selected from: 



O R7 R7 O R7 O 




wherein R7 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R8 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 
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or pharmaceutically acceptable salts thereof, in the manufacture of a 
medicament for use in a method of treating and/or controlling tuberculosis 
in a patient caused by Mycobacterium tuberculosis. 

7. The use according to claim 6 wherein the naphthoquinone derivative of 
Formula 1 is a compound of Formula 1a or Formula 1b: 

R O 




O 

Formula 1a 
R O 




O 

Formula 1b 



wherein R and R1 are as defined for Formula 1 in claim 6. 

8. The use according to claim 7 wherein R is an OH group. 

9. The use according to claim 7 or claim 8 wherein R1 is a CH 3 group. 

10. The use according to claim 6 wherein the naphthoquinone derivative of 
Formula 1 is 5,5' dihydroxy 7,7' binaphthoquinone (diospyrin) or 5-hydroxy- 
7-methyl-1,4-naphtoquinone (methyijuglone), or a mixture thereof. 
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11. A method of treating and/or controlling tuberculosis caused by 
Mycobacterium tuberculosis comprising administering to a patient in need 
thereof an effective amount of a naphthoquinone derivative having the 
Formula 1 : 




wherein, 

R represents an OH group, methyl ether, ethyl ether or a similar ether; 
R1 represents a methyl, ethyl or similar aliphatic hydrocarbon derivative; 
R2 and R3 each independently represent hydrogen or a group selected 
from: 

R5 O O R5 O R5 






wherein R5 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R6 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

R4 represents hydrogen or a group selected from: 

O R7 R7 O R7 O 





or 




wherein R7 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R8 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 
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or pharmaceutically acceptable salts thereof. 

12. A method according to claim 11 wherein the naphthoquinone derivative 
of Formula 1 is a compound of Formula 1a or Formula 1b: 




Formula 1a 
R O 




Formula 1b 

wherein R and R1 are as defined for Formula 1 in claim 11. 

13. A method according to claim 12 wherein R is an OH group. 

14. A method according to claim 12 or claim 13 wherein R1 is a CH 3 group. 

15. A method according to claim 1 1 wherein the naphthoquinone derivative 
of Formula 1 is 5,5' dihydroxy 7,7' binaphthoquinone (diospyrin) or 5- 
hydroxy-7-methyM,4-naphtoquinone (methyljuglone), or a mixture thereof. 



WO 01/00554 



PCT/IB00/00837 



-21- 



16. A method according to claim 11 wherein the naphthoquinone derivative 
of Formula 1 is administered orally, intravenously, intramuscularly or 
transdermally. 
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International application No. 

PCT/ IB 00/00837 


International filing date (day/month/year) 

22/06/2000 


(Earliest) Priority Date (day/month/year) 

24/06/1999 


Applicant 

UNIVERSITY OF PRETORIA et al . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 4 sheets. 

[X] It is also accompanied by a copy of each prior art document cited in this report. 



1. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 



language in which it was filed, unless otherwise indicated under this item. 

□ 



2. 
3. 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 

was carried out on the basis of the sequence listing : 

| | contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readble form. 

| | the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

| | the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

| | Certain claims were found unsearchable (See Box I). 
| [ Unity of invention is lacking (see Box II). 



4. With regard to the title, 

fX] the text is approved as submitted by the applicant. 

| | the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

|X| the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 



6. The figure of the drawings to be published with the abstract is Figure No. 



| | as suggested by the applicant. [X] None of the figures. 

| | because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 
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A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61K31/122 A61P31/06 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 A61K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

CHEM ABS Data, BIOSIS, MEDLINE, EMBASE, SCISEARCH, EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



p,x 



P,Y 
X 



ADENIYI, B. A. ET AL: "Antibacterial 
activity of diospyrin, isodiospyrin and 
bisisodiospyrin from the root of Diospyros 
piscatoria (Gurke) (Ebenaceae)" 
PHYTOTHER. RES. (2000), 14(2), 112-117 , 

XP000978371 
the whole document 

KHAN M R ET AL: "ANTIBIOTIC ACTION OF 
CONSTITUENTS OF ROOT BARK OF 
EUCLEA-NATALENSIS." 

PAK J SCI IND RES, (1978 (RECD 1979)) 21 
(5-6), 197-199. , 

XP000978450 
the whole document 

-/-- 



1-5 



6-16 
1-5 



6-16 



Further documents are listed in the continuation of box C. 



□ 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

'A' document defining the general state of the art which is not 

considered to be of particular relevance 
■E" earlier document but published on or after the international 

filing date 
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NAPHTHOQUINONE DERIVATIVES AND THEIR USE IN THE 
TREATMENT AND CONTROL OF TUBERCULOSIS 



BACKGROUND OF THE INVENTION 

THIS invention relates to the treatment and control of tuberculosis caused 
by Mycobacterium tuberculosis and in particular to the use of 
naphthoquinone derivatives in such treatment and control. 

Tuberculosis (TB) remains a serious health problem in many regions of the 
world, especially in developing nations. It is a contagious disease and is 
becoming epidemic in some parts of the world. It is estimated that 30-60% 
of adults in developing countries are infected with Mycobacterium 
tuberculosis. Approximately 8-10 million individuals develop clinical TB and 
3 million die of TB each year (WHO/IUATLD, 1989). 

In South Africa, over 3 in every thousand people die of TB, the highest rate 
in the world, while one out of every 200 people suffers from active 
tuberculosis. Tuberculosis is the most commonly notified disease in South 
Africa and the fifth largest cause of death among the black population 
(South African Tuberculosis Association, 1998). 
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In the United States, the number of TB cases steadily decreased until 1986 
when an increase was noted. Since then TB cases have continued to rise. 
Ten million individuals are infected in the U.S.A., with approximately 26000 
new cases of active disease each year (National Jewish Medical and 
Research Center, 1994). 

Individuals infected with Human Immunodeficiency Virus (HIV) are very 
susceptible to tuberculosis and often develop this disease before other 
manifestations of AIDS become apparent (Grange and Davey, 1990). 
Control of the TB epidemic linked with HIV infection will depend largely on 
the adequate treatment of TB, and possibly of effective chemoprophylaxis, 
not just for HIV-infected persons but for communities as well 
(WHO/I UATLD, 1989). 

TB therapy has been revolutionized and the present treatment regimes for 
TB are based on multidrug therapy with usually 3 or 4 antituberculosis 
drugs. However, the problem of multidrug resistant tubercle bacilli is 
emerging for various drugs such as isoniazid, ethambutol, rifampicin and 
streptomycin, for example (Girling, 1989; Grange and Davey, 1990). Drug- 
resistant TB is very difficult to treat requiring greater numbers and varieties 
of medications for a longer period of treatment. The need for new 
antituberculosis agents is urgent due to the increasing resistance of 
mycobacteria to these classic antituberculosis drugs. A recent WHO report 
states that, globally, 2% of all cases of tuberculosis are multidrug resistant - 
by definition, resistance to rifampicin plus isoniazid (plus/minus other 
resistances). Such cases can be treated in the USA and other high 
resource regions but at a great cost (> US$ 250,000 per case!) and using 
very long courses of rather toxic drugs, thereby raising serious problems of 
compliance (WHO, 1997). South Africa is witnessing an explosion in the 
number of cases of drug-resistant tuberculosis. In some parts of South 
Africa, 1 in 10 cases of TB is resistant to treatment (New Scientist, March 
1997). It is essential to have new antituberculosis agents, preferably those 
that can readily and simply be produced from some local source. 
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SUMMARY OF THE INVENTION 

According to a first aspect of the invention there is provided a 
naphthoquinone derivative of Formula 1 : 




O 

wherein, 

R represents an OH group, methyl ether, ethyl ether or a similar ether; 
R1 represents a methyl, ethyl or similar aliphatic hydrocarbon derivative; 
R2 and R3 each independently represent hydrogen or a group selected 
from: 




wherein R5 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R6 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

R4 represents hydrogen or a group selected from: 




wherein R7 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R8 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 
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or pharmaceutical^ acceptable salts thereof, for use in a method of treating 
and/or controlling tuberculosis in a patient caused by Mycobacterium 
tuberculosis. 

According to a second aspect of the invention there is provided the use of a 
naphthoquinone derivative having the Formula 1 as set out above in the 
manufacture of a medicament for use in a method of treating and/or 
controlling tuberculosis in a patient caused by Mycobacterium tuberculosis. 

According to a third aspect of the invention there is provided a method of 
treating and/or controlling tuberculosis caused by Mycobacterium 
tuberculosis comprising administering to a patient in need thereof an 
effective amount of a naphthoquinone derivative having the Formula 1 as 
set out above. 

The naphthoquinone derivative of Formula 1 is typically a compound of 
Formula 1a or Formula 1b: 



R 



O 




O 



Formula 1a 



R 



O 




O 



Formula 1b 



WO 01/00554 



PCT/IB00/00837 



-5- 



wherein R and R1 are as defined for Formula 1 above. 

R in the compound of Formula 1a or 1b is preferably an OH group. 

R1 in the compound of Formula 1a or 1b is preferably a CH 3 group. 

In particular, the naphthoquinone derivative of Formula 1 is 5,5' dihydroxy 
7,7' binaphthoquinone (diospyrin) or 5-hydroxy-7-methyl-1,4-naphtoquinone 
(methyljuglone). 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention is directed at the use of naphthoquinone derivatives 
in the treatment and/or control of tuberculosis caused by Mycobacterium 
tuberculosis: In particular, naphthoquinone derivatives of the general 
Formula 1 




wherein, 

R represents an OH group, methyl ether, ethyl ether or a similar ether; 
R1 represents a methyl, ethyl or similar aliphatic hydrocarbon derivative; 
R2 and R3 each independently represent hydrogen or a group selected 
from: 
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wherein R5 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R6 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

R4 represents hydrogen or a group selected from: 




wherein R7 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R8 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

have been found to be effective against Mycobacterium tuberculosis. 

Particular naphthoquinone derivatives of Formula 1a and 1b have been 
found to be particularly effective: 



R O 




O 

Formula 1a 



R O 




O 

Formula 1b 
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In particular diospyrin and methyljuglone, naphthoquinone derivatives of 
Formula 1a and Formula 1b, respectively, in which R is OH and R1 is a 
methyl group, have been found to inhibit several antibiotic resistant as well 
as antibiotic susceptible strains of Mycobacterium tuberculosis. Although 
diospyrin and methyljuglone are particularly preferred, naphthoquinone 
derivatives of Formula 1a and 1b in which R is a methyl ether, ethyl ether 
or similar ether and R1 is an ethyl or similar aliphatic hydrocarbon 
derivative are also provided. 

An extensive research program was undertaken in order to identify anti- 
tuberculosis agents that can readily and simply be produced from local 
resources. 

Twenty South African medicinal plants used to treat pulmonary diseases 
were screened for activity against drug-resistant and sensitive strains of M. 
tuberculosis. A preliminary screening of acetone and water plant extracts, 
against a drug-sensitive strain of M. tuberculosis, H37Rv, was carried out 
by the agar plate method. Fourteen of the 20 acetone extracts showed 
inhibitory activity at a concentration of 0.5 mg/ml against this strain. 
Acetone as well as water extracts of Cryptocarya latifolia, Euclea 
natalensis, Helichrysum melanacme, Nidorella anomala and Thymus 
vulgaris inhibited the growth of M. tuberculosis. Given the activity of 14 
acetone extracts at 0.5 mg/ml against the drug-sensitive strain by the agar 
plate method a further study was carried out employing the rapid 
radiometric method to confirm the inhibitory activity. These active acetone 
extracts were screened against the H37Rv strain as well as a strain 
resistant to the drugs, isoniazid and rifampicin. The minimal inhibitory 
concentration of Croton pseudopulchellus, Ekebergia capensis f Euclea 
natalensis, Nidorella anomala and Polygala myrtifolia was 0.1 mg/ml 
against the H37Rv strain by the radiometric method. Extracts of 
Chenopodium ambrosioides, Ekebergia capensis, Euclea natalensis, 
Helichrysum melanacme, Nidorella anomala and Polygala myrtifolia were 
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active against the resistant strain at 0.1 mg/ml. Eight plants showed activity 
against both the strains at a concentration of 1.0 mg/ml. 

The following procedure was developed by the applicant for the isolation of 
diospyrin and methyljuglone from E. natalensis and other species in this 
genus, as well as any other plants that may synthesise diospyrin or 
methyljuglone or other quinone derivatives. 

1 . Identification of plant species 

Roots and the aerial plant parts of E. natalensis were collected near 
Durban and identified at the HGWJ Schweickerdt Herbarium of the 
University of Pretoria and also at the herbarium of the National 
Botanical Institute, Pretoria. 

2. Extraction 

Dried roots of E. natalensis were ground to a powdery form with a 
dry mill and extracted over 48 hours with acetone. The extract was 
filtered and concentrated to dryness at reduced pressure on a rotary 
evaporator. 

3. Thin layer chromatography 

A direct antibacterial bioassay (Dilika & Meyer 1996) on TLC-plates 
was employed to speedup the activity guided isolation of the 
antituberculosis compounds. M. tuberculosis cannot be tested in 
this way because of its very slow growth rate. The direct 
antibacterial bioassays of the acetone extract were done on TLC 
plates (Merck) developed with chloroform-hexane (1:1). After 
development, the TLC plates were dried and sprayed with a 24 hr 
old Staphylococcus aureus culture in nutrient broth. After 24 hr 
incubation, the plates were sprayed with an aqueous solution of 
2mg/ml p-iodonitrotetrazolium violet to visualise the bacterial cells. 
The plates were then reincubated at 37°C for 2-3 hours. 
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Two zones of bacterial growth inhibition could be seen on TLC 
plates sprayed with S. aureus. Activity was more pronounced in the 
Rf0.30 zone (chloroform-hexane (1:1)) than in the R f 0.54 zone. 

4. Column chromatography 

The crude extract of the plant was dried, its mass determined and 
resuspended in chloroform. Column chromatography was 
performed on silica gel 60 using chloroform as eluent. The 
antibacterial fractions collected were then subjected to a Sephadex 
LH-20 column chromatography using ethanol as eluent. The 
fractions collected were again tested for antibacterial activity on TLC 
to detect the fractions containing the active compounds of R f 0.30 
and R f 0.54. 

5. High performance liquid chromatography 

The compounds were further purified by HPLC utilising an analytical 
Phenomenex reverse phase 250x4.60 mm column, at a flow rate of 
1.0 ml/min, oven temp. 40°C and a wavelength of 206nm. An 
ethanol-water (50:50) solution was employed as mobile phase. The 
pure compounds were once again subjected to a Sephadex LH-20 
column chromatography and proved to be pure. The chemical 
structures were confirmed by and 13 C nmr and ms to be: 



OH O 




Diospyrin (5,5' dihydroxy 7,7' ^naphthoquinone); C 2 2H 14 0 6 . Molecular 
weight: 374.35 
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OH O 




O 

7-methyljuglone (5-hydroxy-7-methyl-1 ,4-naphtoquinone); C in H 8 0 3 
Molecular weight: 188.19 

The effect of diospyrin and methyljuglone on the growth of the sensitive 
strain (H37Rv) and resistant strains of Mycobacterium tuberculosis as 
determined by the radiometric method are set out in Table 1 and Table 2, 

TABLE 1 

Effect of diospyrin on the growth of the sensitive strain (H37Rv) and 
resistant strains of Mycobacterium tuberculosis as determined by the 
radiometric method. 



Mycobacterium tuberculosis strains 


MIC 
(mg/ml) 


AGI a values 
of 

plant 

extracts 

(mg/ml) 


AGI values of the 
control vial 
(mg/ml) 


H37 sensitive strain 


0,1 


-1 ± 1.41 


20 ± 4.24 


2 drug resistant strain (res. to 
Isoniazid and rifampicin). 


0.1 


3.5 ± 0.70 


25 ± 7.07 


3 drug resistant strain (res. to 
streptomycin, isoniazid and 
ethambutol), 


0.1 


4±2.12 


29 ± 1.41 
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4 drug resistant strain (res. to 
streptomycin, isoniazid, rifampicin 
and ethambutol). 


0.1 


5 ± 2.82 


25 ± 2.82 


5 drug resistant strain. (res to 
isoniazid, streptomycin, rifampicin, 
thiacetazone and cyclocerine). 


0.1 


10 ± 1.41 


22.5 ± 3.53 


6 drug resistant strain (res. to 

isoni?37iri rifamnipin ot hinna m i H c> 

naz.iu, ill 1 1 f~f' vi I ' , crii IUJI lal I IILlC, 

terizidone, thiacetazone and 
ofloxacin). 


0.1 


9 ± 2.82 


30 ± 1.0 


7 drug resistant strain. (res to 
isoniazid, streptomycin, 
ethambutol, kanamycin, rifampicin, 
and ethionamide) 

a a i-M . . ~; 1 


0.1 


13.5 ±3.2 


28 ± 3.1 



a AGI values are means ± s.d. 



TABLE 2 

Effect of 7-methyljuglone as a single agent and in combination with 
diospyrin on the growth of the sensitive strain (H37Rv) and resistant strains 
of Mycobacterium tuberculosis as determined by the radiometric method. 



Mycobacterium 


Lab reference 


Compound(s) 


MIC a 


AGI D 


AGI values 


tuberculosis strains 


no. 




(ng/mi) 


values 
of plant 
extracts 


of the 
control vial 


H37Rv sensitive 
strain 


ATCC27294 


7-methyljuglone 


50 


0 ± 1 


15 ±3.78 


Two drug (isoniazid 


CCK028469V 


7-methyljuglone 


50 


0±0 


30 ± 4.94 


and rifampicin) 












resistant strain 
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H37Rv sensitive 
strain 


ATCC27294 


Diospyrin + 7- 
methyljuglone 


10 


3 ± 1 


15 ± 3.78 


Two drug 
(Isoniazid and 
rifampicin resistant 
strain) 


CCK028469V 


Diospyrin + 7- 
methyljuglone 


10 


3.33 ± 
3.05 


30 ±4.94 


Minimal inhibitory concentration 







b AGI values are means ± s.d. 

The results show that diospyrin and methyljuglone control the 
Mycobacterium tuberculosis bacterium effectively. Oral administration of 
diospyrin or methyljuglone in an appropriate pharmaceutical composition 
with suitable diluents and carriers will typically be used to treat or control 
tuberculosis. This will be by way of tablet, liquid or similar oral dosage 
form, as diospyrin and methyljuglone are readily absorbed intestinally. 

However, it is believed that diospyrin or methyljuglone administered 
intravenously or intramuscularly will also be absorbed effectively through 
blood vessels and the blood stream of a patient. Transdermal 
administration, via a plaster or similar transdermal administration vehicle, is 
also a possibility. 

A combination treatment of diospyrin and methyljuglone, which may be 
more effective than singular treatments of the two naphthoquinones, is also 
envisaged. 

The applicant believes that it may be possible to increase the concentration 
of diospyrin, methyljuglone and other quinones in E. nataiensis or similar 
species by phytoalexic stimulation or by the biotechnological manipulation 
of tissue cultures and/or intact plants. 
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Quinones are generally synthesised from catechol (1 ,2-quinones) or 
hydroquinone (1 ,4-quinones) by mild oxidation. 



As far as the applicant has been able to establish, diospyrin has been 
synthesised once in a laboratory (Yoshida, M and Mori, K. 2000. European 
Journal of Organic Chemistry pages 1313 - 1317). However, similar 
binapthoquinones can also be synthesised by the reaction of plumbagin 
(94mg in methanol, 10ml) and its hydroquinone (190mg in methanol, 14ml), 
buffered in phosphate to pH 6.8 at 30°C. (Sankaram et al. 1975; Kumari et 
al. 1982). 




Catechol 




Hydroquinone 




OH O 



Plumbagin 
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!t is believed that diospyrin, methyljuglone and related naphthoquinone 
derivatives are viable alternatives to conventional drugs in the treatment 
and control of tuberculosis in humans. 
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CLAIMS 



1. A naphthoquinone derivative of Formula 1: 



R O 




R3 




R2 



wherein, 

R represents an OH group, methyl ether, ethyl ether or a similar ether; 
R1 represents a methyl, ethyl or similar aliphatic hydrocarbon derivative; 
R2 and R3 each independently represent hydrogen or a group selected 
from: 

R5 O 9 * 5 O R5 



wherein R5 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R6 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

R4 represents hydrogen or a group selected from: 



wherein R7 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R8 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 




; or 




; or 
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or pharmaceutically acceptable salts thereof, for use in a method of treating 
and/or controlling tuberculosis in a patient caused by Mycobacterium 
tuberculosis. 

2. A naphthoquinone derivative of Formula 1 according to claim 1 which is 
a compound of Formula 1a or Formula 1b: 

R O 




Formula 1a 
R O 




Formula 1b 

wherein R and R1 are as defined for Formula 1 in claim 1. 

3. A naphthoquinone derivative according to claim 2 wherein R is an OH 
group. 

4. A naphthoquinone derivative according to claim 2 or claim 3 wherein R1 
is a CH 3 group. 
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5. A naphthoquinone derivative of Formula 1 according to claim 1 which is 
5,5' dihydroxy 7,7' binaphthoquinone (diospyrin) or 5-hydroxy-7-methyl-1 ,4- 
naphtoquinone (methyljuglone), or a mixture thereof. 

6. The use of a naphthoquinone derivative having the Formula 1: 




O 



wherein, 

R represents an OH group, methyl ether, ethyl ether or a similar ether; 
R1 represents a methyl, ethyl or similar aliphatic hydrocarbon derivative; 
R2 and R3 each independently represent hydrogen or a group selected 
from: 




wherein R5 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R6 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

R4 represents hydrogen or a group selected from: 




wherein R7 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R8 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 
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or pharmaceutical^ acceptable salts thereof, in the manufacture of a 
medicament for use in a method of treating and/or controlling tuberculosis 
in a patient caused by Mycobacterium tuberculosis. 

7. The use according to claim 6 wherein the naphthoquinone derivative of 
Formula 1 is a compound of Formula 1a or Formula 1b: 



R O 




Formula 1a 



R O 




Formula 1b 

wherein R and R1 are as defined for Formula 1 in claim 6. 

8. The use according to claim 7 wherein R is an OH group. 

9. The use according to claim 7 or claim 8 wherein R1 is a CH 3 group. 

10. The use according to claim 6 wherein the naphthoquinone derivative of 
Formula 1 is 5,5' dihydroxy 7,7' binaphthoquinone (diospyrin) or 5-hydroxy- 
7-methyl-1 t 4-naphtoquinone (methyljuglone), or a mixture thereof. 
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11. A method of treating and/or controlling tuberculosis caused by 
Mycobacterium tuberculosis comprising administering to a patient in need 
thereof an effective amount of a naphthoquinone derivative having the 
Formula 1: 



wherein, 

R represents an OH group, methyl ether, ethyl ether or a similar ether; 
R1 represents a methyl, ethyl or similar aliphatic hydrocarbon derivative; 
R2 and R3 each independently represent hydrogen or a group selected 
from: 

R5 O O R5 O R5 



wherein R5 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R6 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 

R4 represents hydrogen or a group selected from: 



wherein R7 represents an OH group, methyl ether, ethyl ether or a similar 
ether and R8 represents a methyl, ethyl or similar aliphatic hydrocarbon 
derivative; 






; or 
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or pharmaceutically acceptable salts thereof. 

12. A method according to claim 11 wherein the naphthoquinone derivative 
of Formula 1 is a compound of Formula 1a or Formula 1b: 



R O 




Formula 1a 
R O 




O 

Formula 1b 

wherein R and R1 are as defined for Formula 1 in claim 11. 

13. A method according to claim 12 wherein R is an OH group. 

14. A method according to claim 12 or claim 13 wherein R1 is a CH 3 group. 

15. A method according to claim 1 1 wherein the naphthoquinone derivative 
of Formula 1 is 5,5' dihydroxy 7,7' binaphthoquinone (diospyrin) or 5- 
hydroxy-7-methyl-1,4-naphtoquinone (methyljuglone), or a mixture thereof. 



A 
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16. A method according to claim 11 wherein the naphthoquinone derivative 
of Formula 1 is administered orally, intravenously, intramuscularly or 
transdermally. 



